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Prostate cancer antigen 3 (PCA3) is a novel urine-based prostate cancer
biomarker that has recently been studied extensively for the prediction of
prostate biopsy results and treatment outcomes. Numerous studies have
demonstrated that urinary PCA3 scores are predictive of prostate cancer
detection on both initial and repeat biopsy. There is conflicting evidence on
the relationship between PCA3 with aggressive tumor features and treatment
outcomes. This article reviews the current evidence on PCA3 as a marker for
prostate cancer detection and prognosis.
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The prostate cancer antigen 3 (PCA3), or DD3, gene was initially found to
be overexpressed in prostate cancer tissue by Bussemakers and colleagues
in 1999.1 By contrast, DD3 expression was not found in normal brain,

breast, bladder, colon, duodenum, heart, liver, lung, ovary, pancreas, placenta,
seminal vesicles, skeletal muscle, skin, spinal cord, spleen, or testis. DD3 expres-
sion was also not detected in bladder, breast, cervix, endometrium, kidney, ovary,
or testis tumors.

In a follow-up study, de Kok and colleagues examined DD3 messenger RNA
(mRNA) copy numbers in numerous normal and tumor tissue types using quanti-
tative reverse transcription polymerase chain reaction.2 Among 22 normal tissue
types, only kidney (insignificant levels) and prostate had detectable DD3 expres-
sion. Similarly, they found no detectable DD3 expression in 39 nonprostate
malignancies. Finally, they showed no significant difference in DD3 mRNA bet-
ween normal prostate and prostate tissue with benign prostatic hyperplasia, but a
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34-fold median increased expression
of DD3 in prostate cancer. These com-
bined findings suggested that DD3
expression may be used as a tissue
marker for prostate cancer with excel-
lent specificity.

Subsequent scientific advances
paved the way for PCA3 mRNA to be
measured not only in tissue samples

but also in urine.3 Over time, the
process of obtaining and measuring
PCA3 in urine has been considerably
streamlined,4 facilitating an increas-
ing number of studies on its potential
utility in prostate cancer screening
and prognostication.5 An automated
PCA3 urinary assay is commercially
available in Europe and is seeking ap-
proval from the US Food and Drug
Administration.

PCA3 and Prostate Biopsy
Prostate biopsy remains the gold stan-
dard to confirm a histological diagnosis
of prostate cancer. Unfortunately, due
to limitations in existing prostate can-
cer screening protocols, in most series
� 50% of prostate biopsies performed
for current indications reveal prostate
cancer. This large number of negative
biopsy results leads to added avoidable
cost, as well as unnecessary anxiety
and pain. Although prostate biopsy has
not been shown to be associated with
excess mortality,6 there remains the
potential for significant morbidity,
including increasing reports of serious
infectious complications.7 It is note-
worthy that 38% of Medicare parti-
cipants with a negative prostate biopsy
had repeat biopsy by 5 years8; thus,
these same drawbacks also extend

to the repeat biopsy setting. These
issues have triggered a considerable
amount of investigation into alternate
markers such as PCA3 with greater
specificity for prostate cancer that
might help to reduce the number of un-
necessary biopsies.

One of the initial clinical studies on
PCA3 and prostate biopsy outcomes

was reported by Marks and colleagues,9

as previously reviewed.10 Briefly, in 233
US men undergoing repeat biopsy, they
found improved performance of PCA3
compared with prostate-specific anti-
gen (PSA) for prostate cancer detection.
Haese and coauthors validated these
results in a larger population of Euro-
pean men undergoing repeat biopsy.11

In this study, biopsy was positive in
39% of men with a PCA3 score � 35,
versus 22% with a PCA3 score � 35
(P � .0001). In addition, PCA3 outper-
formed free/total prostate-specific anti-
gen ratio (% of PSA) for prostate cancer
detection, and was also associated with
tumor grade, the percentage of positive
cores, clinical stage, and significant
disease for those diagnosed with
prostate cancer.

More recently, Aubin and colleagues
examined PCA3 in 1072 men from the
placebo arm of the Reduction by
Dutasteride of Prostate Cancer Events
(REDUCE) trial, all of whom had a neg-
ative biopsy result within 6 months of
enrollment in the trial, followed by
protocol-mandated biopsies at year 2
and year 4 of the study.12 They found a
significantly higher PCA3 at both year
2 (P � .0013) and year 4 (P � .005)
among men with a positive biopsy re-
sult at year 4. Thus, this study showed a

significant relationship between PCA3
and future prostate cancer risk. A sig-
nificant association between PCA3 and
high-grade disease was also observed,
but not with the number of positive
cores or percentage of core involve-
ment with tumor.

PCA3 has also been evaluated for
use in the initial prostate biopsy
setting. For example, de la Taille  and
colleagues examined PCA3 in 516 men
from a European multicenter trial with
PSA 2.5 to 10 ng/mL undergoing first
biopsy.13 PCA3 outperformed PSA on
receiver operating characteristic curve
(ROC) analysis for the prediction of
positive biopsy results (area under the
curve [AUC] 0.76 PCA3 vs 0.577 PSA;
P � .001), and did not appear to be
affected by prostate volume. More-
over, higher PCA3 scores were signi-
ficantly associated with a biopsy
Gleason score � 7, � 33% positive
cores, and significant cancer (based
on the Epstein criteria).

Hessels and associates examined
PCA3 in 336 men undergoing prostate
biopsy for a PSA � 3 ng/mL, abnor-
mal digital rectal examination (DRE),
and/or positive family history.14 They
found that the median PCA3 was sig-
nificantly higher in those with posi-
tive versus negative biopsy (50 vs 18;
P � .0001). The AUC was 0.72 for over-
all prostate cancer detection compared
with 0.65 for total PSA. As in prior
studies, they did not find a significant
relationship between PCA3 and
prostate volume. However, they also
found no significant difference in
PCA3 between those with a Gleason
score � 7 versus � 7 (P � .622).

The relationship between PCA3
and biopsy outcome has also been
studied in diverse populations from
around the world. For example, in an
Asian population, Ochiai and col-
leagues reported on 105 men under-
going initial or repeat biopsy for an
elevated PSA or abnormal DRE, of
which 38 (36%) were diagnosed with

Subsequent scientific advances paved the way for PCA3 mRNA to be mea-
sured not only in tissue samples but also in urine. Over time, the process of
obtaining and measuring PCA3 in urine has been considerably streamlined,
facilitating an increasing number of studies on its potential utility in
prostate cancer screening and prognostication.
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prostate cancer.15 The median PCA3
was significantly higher in those with a
positive biopsy result compared with
those with a negative biopsy result
(59.5 vs 14.2; P � .0001).

Adam and colleagues reported on
105 consecutive South African men re-
ferred for biopsy, of which 81.9% were
first biopsies.16 Although PCA3 was
significantly higher in men with posi-
tive biopsy (P � .003), PSA outper-
formed PCA3 on ROC analysis (0.844
vs 0.705). Unlike PSA, PCA3 was not
associated with prostate volume as in
prior studies; nevertheless, there was
also no association between PCA3 and
Gleason score in this population.

Finally, Roobol and associates ex-
amined a subset of men from a ran-
domized prostate cancer screening
trial undergoing biopsy for a PSA
level � 3 ng/mL, PCA3 score � 10, or
both indications,17 as previously
reviewed.10 Overall, they reported an
AUC of 0.635 for PCA3 and 0.581 for
PSA, although this may reflect the
fact that this population was pre-
screened with PSA.

PCA3 and Treatment Outcomes
Numerous studies have examined the
relationship between PCA3 with
pathologic features at radical prosta-
tectomy. For example, Whitman and
colleagues reported a significant rela-
tionship between PCA3 with adverse
tumor features, including the risk of
extracapsular extension in 72 men
undergoing radical prostatectomy.18

Auprich and coauthors reported on
PCA3 and prostatectomy outcomes in
305 men with newly diagnosed prostate
cancer treated at three institutions (Fig-
ure 1).19 The median PCA3 score was
significantly lower in patients with a
tumor volume � 0.5 cc (median 17 vs
47 in those with higher tumor volume;
P � .001) and in those with insignifi-
cant disease (median 16 vs 46 for those
with significant disease; P � .001).
PCA3 maintained a significant inverse

PCA3 might be useful in the selection
of patients for AS.

Nevertheless, very limited data are
available on the utility of PCA3 among
men actually enrolled in AS. Tosoian
and colleagues examined PCA3 in
294 men from the Johns Hopkins AS
program, and found no significant dif-
ference in PCA3 between those who
did and those who did not progress on
repeat surveillance biopsy (P � .131).22

In this study, the AUC was only 0.589
to predict short-term biopsy progres-
sion using PCA3. Further studies are
necessary to examine PCA3 for the
prediction of more long-term treat-
ment outcomes.

Future Directions
The field of prostate cancer is moving
away from reliance on a single
marker toward more integrated risk-
assessment tools. Several studies have
examined PCA3 in conjunction with
other urinary markers, suggesting a
future role as part of a multiplex pre-
dictive panel.23-25 Others have incor-
porated PCA3 along with clinical data
and serum markers into validated
nomograms and risk calculators for
enhanced risk stratification.26 Prelim-
inary studies in external populations
have found encouraging results
through the incorporation of PCA3
into these multivariable predictive
tools,27 and additional confirmatory
studies are warranted.

Conclusions
PCA3 is a relatively new urinary
marker with demonstrated utility for
the prediction of biopsy outcome in
numerous studies from diverse popu-
lations. Its use may help enhance the
specificity of screening and reduce
unnecessary biopsies. PCA3 may also
play an important role as part of a
multivariable risk-assessment tool
with other clinical, serum, and/or
urinary markers. Nevertheless, it
remains unclear whether the use of

PCA3 for Prostate Cancer Risk Assessment and Prognostication

association with both tumor volume
� 0.5 and insignificant prostate cancer
in a multivariable model adjusting for
PSA, biopsy Gleason score, and the
number of positive cores. However, in-
terestingly, they found no significant
relationship between PCA3 with
adverse tumor features such as extra-
capsular extension or seminal vesicle
invasion. The authors proposed that
this “nonlinear” relationship might be
related to differential shedding of
tumor cells related to the degree of
glandular differentiation.

In the study by Hessels and col-
leagues just described, 70 of the men
diagnosed with prostate cancer on
biopsy subsequently elected radical
prostatectomy.14 In this group, PCA3
was not associated with tumor vol-
ume (P � .680), insignificant versus
significant cancer (P � .496), Gleason
score (P � .199), or extracapsular ex-
tension (P � .765).

Vlaeminck-Guillem and colleagues
tested PCA3 in 102 men undergoing
radical prostatectomy, and found a
significant correlation with tumor
volume but not with pathologic stage,
prostatectomy Gleason score, or up-
grading.20 They did demonstrate a
significantly higher mean PCA3 in
multifocal disease (88 vs 46; P �
.007), which they suggested might
have implications for men consider-
ing focal therapy.

Similarly, Ploussard and associates
recently studied 106 men with low-risk
disease (PSA � 10 ng/mL, clinical stage
T1c-T2a, biopsy Gleason 6) undergoing
prostatectomy to determine whether
PCA3 might help identify potential
candidates for active surveillance
(AS).21 On multivariate analysis, a
PCA3 score � 25 was associated with a
5.37-fold increased odds (P � .01) of
tumor volume � 0.5 cc and 12.74-fold
increased odds (P � .003) of “signifi-
cant” prostate cancer, although the
sample sizes were small. Based on
these data, the authors concluded that
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Main Points
• Prostate biopsy remains the gold standard to confirm a histological diagnosis of prostate cancer, although � 50% of prostate

biopsies performed for current indications reveal prostate cancer. This large number of negative biopsy results leads to added
avoidable cost, as well as unnecessary anxiety and pain.

• The field of prostate cancer is moving away from reliance on a single marker toward more integrated risk-assessment tools. Sev-
eral studies have examined prostate cancer antigen 3 (PCA3), a relatively new urinary marker, in conjunction with other urinary
markers, suggesting a future role as part of a multiplex predictive panel. Its use may help enhance the specificity of screening and
reduce unnecessary biopsies.

• The process of obtaining and measuring PCA3 in urine has been considerably streamlined, facilitating an increasing number of
studies on its potential use in prostate cancer screening. 

• It remains unclear whether the use of PCA3 would help to reduce the overdetection and overtreatment of indolent disease because
its association with adverse prognostic features is more controversial. Additional studies on the relationship between PCA3 and
long-term disease-specific outcomes will help to clarify these issues.

0

20

40

60

80

100

120

140

160
A

M
ed

ia
n

 P
C

A
3 

Sc
o

re

Tumor Volume Below 0.5 cc
No Yes No Yes

0

20

40

60

80

100

120

140

160
B

M
ed

ia
n

 P
C

A
3 

Sc
o

re

Pathological Insignificant PCa

0

20

40

60

80

100

120

140

160
D

M
ed

ia
n

 P
C

A
3 

Sc
o

re

Seminal Vesical Invasion
No Yes No Yes

0

20

40

60

80

100

120

140

160
E

M
ed

ia
n

 P
C

A
3 

Sc
o

re

Pathological Gleason Score
Equal or Higher 7

No Yes
0

20

40

60

80

100

120

140

160
C

M
ed

ia
n

 P
C

A
3 

Sc
o

re

Extra Capsular Extension

17

46

16

42
48

48

28
4844

47

P � .001

P � .49 P � .001

P � .001 P � .36

Figure 1. Box plots of median prostate cancer antigen 3 (PCA3) assay scores comparing men with and without (A) tumor volume � 0.5 mL; (B) pathologically insignificant
prostate cancer (PCa); (C) extracapsular extension; (D) seminal vesicle invasion; and (E) pathologic Gleason score � 7. Reproduced with permission from European Urology,
Volume 59,  Auprich M et al, “Critical assessment of preoperative urinary prostate cancer antigen 3 on the accuracy of prostate cancer screening,” pp. 96-105, Copyright
2011, with permission from Elsevier.19
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PCA3 would help to reduce the
overdetection and overtreatment of
indolent disease because its associa-
tion with adverse prognostic features
is more controversial. Additional
studies on the relationship between
PCA3 and long-term disease-specific
outcomes will help to clarify these
issues.
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